This paper describes a general purpose computer program for analyzing steady state and transient flow in a complex network. The program is capable of modeling phase changes, compressibility, mixture thermodynamics and external body forces such as gravity and centrifugal. The program's preprocessor allows the user to interactively develop a fluid network simulation consisting of nodes and branches. Mass, energy and specie https://ntrs.nasa.gov/search.
GOVERNING EQUATIONS
requires that, for the transient formulation, the net mass flow from a given node must equate to rate of change of mass in the control volume.
In the steady state formulation, the left hand side of the equation is zero. This implies that the total mass flow rate into a node is equal to the total mass flow rate out of the node.
Momentum

Conservation Equation
The flow rate in a branch is calculated from the momentum conservation equation
) which represents the balance of fluid forces acting on a given branch. A typical branch configuration is shown in Figure 2 . Inertia, pressure, gravity, friction and centrifugal forces are considered in the conservation equation.
In addition to these five forces, a source term S has been provided in the equation to input pump characteristics or to input power to a pump in a given branch. If a pump is located in a given branch, all other forces except pressure are set to zero. The source term, S, is set to zero in all branches without a pump. 
Energy Conservation Equation
The energy conservation equation for node i, shown in Figure  1 , 
Fluid Specie Conservation Equation
The flow network shown in Figure 1 has a fluid mixture flowing in most of the branches.
In order to calculate the density of the mixture, the concentration of the individual fluid species within the branch must be determined. The concentration for the k th specie can be written as
For a transient flow, Equation 4 , states that the rate of increase of the concentration of the k th specie in the control volume equals the rate of transport of the k th specie into the control volume minus the rate of transport of the k th specie out of the control volume. thermodynamicpropertyroutineshave beenintegratedinto the programto provide the required fluid property data. GASP [4] provides the thermodynamicand transport propertiesfor ten fluids. Thesefluids include Hydrogen,Oxygen, Helium, Nitrogen, Methane,CarbonDioxide, CarbonMonoxide, Argon, Neon and Fluorine. WASP [5] providesthe thermodynamicandtransportpropertiesfor water andsteam.GASPAK [6] provides thermodynamic properties for helium, methane, neon, nitrogen, carbon monoxide,oxygen, argon, carbon dioxide, hydrogen,parahydrogen, water, isobutane, butane,deuterium,ethane,ethylene, hydrogensulfide,krypton, propane, xenon,R-I 1, R-12, R-22, R-32, R-123, R-124, R-125, R-134A, R-152A, nitrogen trifluoride and ammonia. For RP-1 fuel, a look up tableof propertieshasbeengeneratedby a modified versionof GASP. An interpolationroutine has beendevelopedto extractthe required propertiesfrom thetabulateddata.
Friction Calculations
It was mentioned earlier in this paper that the friction term in the momentum equation is expressed as a product of Kf, the square of the flow rate and the flow area. Empirical information is necessary to estimate Kf. Several options for flow passage resistance are listed in Table 1 . property data required to solve the resulting system of equations. The user is never required to modify the source program to develop the model. The user is also not required to understand the structure of the solver module in order to develop their model. However, for the completeness of the documentation, a flow chart showing the major activities of the code is described in Figure 4 . A typical water distribution network is shown in Figure  5 and Table 2 . Analytical Solution:
The differential equation governing an isentropic blow down process can be written as: The analytical and GFSSP solutions are compared in Figure 8 . observed between the two solutions. 
